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ABSTRACT 

The  Ka-band  Radiometric  Mapping  System  (KRMS)  has  been  utilized  since  1983  to  collect 
digital  records  of  microwave  radiances.  This  report  details  methods  for  converting  these 
digital  radiances  to  appropriate  units  of  brightness  temperature. 
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Converting  Digital  Passive  Microwave  Radiances 
to  Kelvin  Units  of  Brightness  Temperatures 

L.  DENNIS  FARMER.  DUANE  T.  EPPLER  AND  ALAN  W.  LOHANICK 

INTRODUCTION 

NOARL,  in  conjunction  with  the  Naval  Weapons  Center  (NWC)  at  China  Lake,  Califor¬ 
nia,  has  been  collecting  passive  microwave  imagery  with  the  K  -band  Radiometric  Mapping 
System  (KRMS)  since  1983.  With  the  exception  of  the  1 983  data,  none  of  these  data  have 
been  converted  to  brightness  temperatures.  The  KRMS  is  not  a  calibrated  system;  however, 
the  1983  data  were  converted  to  brightness  temperatures  using  the  engineering  method  de¬ 
scribed  in  NORDA  Report  5 1  (Eppler  et  al.  1 984),  which  required  measuring  the  gains  and 
losses  within  the  system  and  then  scaling  the  resultant  radiances  to  surface-measured  values 
for  open  water  and  first-year  ice. 

The  system  has  a  measured  reference  load  that  may  be  related  to  brightness  temperature 
using  the  conversion  graph  produced  at  NWC  (Fig.  1 ).  This  provides  a  warm  reference  point. 
The  cool  reference  point  (or  tie-point)  used  is  an  assumed  brightness  temperature  for  open 
waterat  nadir,  1 35  kelvins  (K).  Anotherpossible  method  is  to  use  a  local  ambient  Temperature 
at  the  surface  adjusted  for  the  highest  anticipated  emissivity  for  sea  ice  (0.94)  and  use  this  as 
the  warm  tie-point. 


B 


1 


1 _ reference  load 

voltage 

A1  »  B.-Bq  (seated  to  AO  V/AO 

Ag  -  ref  load  vottage/A.,  =  reference  load  voltage  for  use  with 
conversion  graph 


Example 


A. 


B,  -  9.5  V  =  (B1-Bq)/10  =  0.95 


Sensor  temp  «  260  kelvins 


B0  =  0 


A2  -  ref/A1  *  —2.63 


Reference  load  -2.5  V 


B. 


B.  - 11.5  V 

A1-11.5-(-1.5)/10«1.3 


Sensor  temp  »  260  kelvins 


V1-5 

A2  =  5.0/1 .3  =  3.85 


Reference  load  5.0  V 


Figure  2.  Determining  proper  reference  load  voltage  for  use  with  graph  shown  in  Figure  1 . 


BACKGROUND 

Data  from  three  KRMS  missions  were  used  to  evaluate  the  conversion  procedures:  1 )  data 
from  a  NORDA  field  experiment  conducted  in  March  1 983  ( Eppler  et  al .  1 984);  2)  data  from 
the  GEOSAT/LIMEX  experiments  conducted  in  March  1987  (Farmer  et  al.  1989);  and  3) 
data  from  the  March  1988  SSM/I  calibration/validation  experiment  (Farmer  et  al.  1 989).  The 
conversion  procedures  presented  make  several  assumptions.  First,  we  assume  that  the  lowest 
apparent  brightness  temperature  in  a  scene  is  greater  than  or  equal  to  that  for  smooth  open 
water  at  nadir,  approximately  135  K  (Hollinger  1973,  Hollinger  and  Lo  1983).  This  open 
water  value  is  a  surface  measurement  of  a  calm  sea  at  nadir  and  does  not  take  into  account 
atmospheric  effects  (the  distance  between  the  sensor  and  the  surface  is  known,  but  the 
atmospheric  contributions  to  the  signal  are  ignored)  or  the  effect  of  surface  roughness.  Open 
water  represents,  radiometrically,  the  coolest  surface  observed  in  KRMS  scenes  of  sea  ice 
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(1) 


(Eppler  et  al.  1986).  Since 
Tb  =  £xTt 

where  Tb  is  the  brightness  temperature,  E  the  emissi  vity  and  T{  the  physical  temperature,  we 
can  relate  Tb  to  the  physical  temperature  of  a  surface.  If  we  assume  that  the  emissivity  of  a 
calm  sea  is  0.50  at  nadir,  and  that  the  thermal  temperature  of  exposed  arctic  seawater  is  at  its 
freezing  point  (-1 .8°  C  or  27 1 .36  K),  then,  from  eq  1 ,  the  brightness  temperature  (Tb)  of  open 
water  measured  at  the  sea  surface  is  1 36.68  K.  Hollinger  ( 1 973, 1 983)  and  Stogryn  (1971) 
predict  similar  values.  Second,  we  assume  that  the  highest  brightness  temperature  can  be 
estimated  using  either  a  known  surface  temperature  (ambient)  or  by  measuring  the  reference 
load  voltage  and  computing  the  equivalent  brightness  temperature  from  the  NWC  graph  (Fig. 
1 ).  If  these  assumptions  hold,  then  the  range  of  digital  radiance  values  present  in  aKRMS  data 
set  can  be  linearly  scaled  to  brightness  temperatures  that  fall  within  this  range.  Our  approach 
is  to  define  tie-points  that  represent  cool  and  warm  radiances  of  known  value.  Response  of 
the  radiometer  is  assumed  to  be  linear  between  these  extremes,  which  allows  brightness 
temperatures  to  be  assigned  to  radiances  that  fall  between  these  extremes  by  linear  interpo¬ 
lation. 

The  engineering  method  presented  in  NORDA  Report  5 1  used  1 39  K  for  open  water  and 
240  K  for  the  high  temperature,  and  applies  only  to  the  1983  data  set. 


CONVERSION  METHODS 

The  cool  tie-point  for  both  methods  is  represented  by  the  radiometrically  coolest  surface 
observed  in  scenes  of  sea  ice,  open  water  at  nadir.  For  our  purposes,  we  have  used  1 35  K.  The 
warm  tie-point  is  determined  by  using  either  a  local  ambient  temperature,  adjusted  for  the 
highest  anticipated  emissh'ity,  or  the  reference  load  equivalent  sensor  temperature. 

The  first  method  discussed  uses  the  ambient  surface  air  temperature  adjusted  by  the 
emissivity  of  first-year  ice.  Since  eq  1  relates  radiometric  brightness  temperature  (Tb)  in  kelvins 
of  a  body  with  emissivity  (E)  to  its  physical  temperature  (Tt)  in  kelvins,  and  E  ranges  from 
0.0  to  1.0,  the  radiometric  temperature  (Tb)  of  a  substance  should  not  exceed  its  physical 
temperature  (T,).  The  emissivity  of  any  natural  surface  is  less  than  1 .0,  so  the  highest  an¬ 
ticipated  radiometric  temperature  in  a  scene  is  necessarily  less  than  its  physical  temperature. 
Since  first-year  sea  ice  and  some  forms  of  young  ice  have  the  highest  emissivity  (0.94)  of  the 
objects  scanned  in  these  surveys,  they  will  display  the  highest  radiometric  temperatures  ob¬ 
served  in  KRMS  images.  We  assume  that  the  highest  radiometric  temperatures  measured  in 
a  region  correspond  to  areas  of  young  first-year  sea  ice,  and  that  the  radiometric  temperature 
of  these  surfaces  is  about  0.94  times  the  local  physical  temperature,  expressed  in  kelvins. 

The  second  method  uses  an  internal  reference  load  and  equivalent  sensor  brightness 
temperature  for  the  warm  tie-point.  There  are  three  voltages  measured  at  test  points  on  the 
operator’s  console:  B(,  B0 ,  and  the  reference  load.  B ,  is  the  level  of  the  highest  radiometer 
signal,  Bq  is  the  level  of  the  lowest  radiometer  signal,  and  the  reference  load  is  the  voltage 
level  to  which  the  radiometer  voltages  are  forcibly  referenced.  KRMS  data  are  digitized 
across  a  20- V  range,  with  the  highest  signal  level  set  at  1 0  V  and  the  minimum  at  -1 0  V.  Thus 
the  B ,  value  has  to  be  scaled  to  10  V  by  dividing  (B,-B0)  by  10,  and  then  scaling  the  reference 
load  by  dividing  it  by  the  result  of  (Bi-B^/lO.  Figure  I  is  a  graph  produced  al  NWC  by 
placing  a  thermocouple  at  the  reference  load  and  varying  the  reference  load  voltage  and 
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Table  1.  Comparison  of  sensor  temperature  with 
ambient  and  adjusted  ambient  temperature  for  KRMS 
missions  flown  between  1984  and  1988. 


Dale 

Sensor  temp 
iK) 

Ambient  temp 
iK) 

Adjusted 
ambient  temp 
( K ) 

1  July  1984 

3  July  19X4 

21  March  1987 

288 

278 

2S8 

274 

258 

23  March  1987 

24  March  1987 

276 

280 

272 

256 

26  March  1987 

276 

255 

240 

27  March  1987 

273 

257 

29  March  19X7 

273 

257 

30  March  19X7 

273 

257 

6  March  19X8 

273 

257 

8  March  19X8 

274 

279 

2X0 

291 

273 

257 

2X0 

248 

233 

1 1  March  I9XX 

278 

276 

276 

279 

276 

259 

280 

280 

280 

280 

28(1 

280 

267 

251 

13  March  I9XX 

280 

279 

259 

243 

276 

276 

276 

272 

256 

276 

272 

256 

278 

279 

259 

243 

279 

259 

243 

14  March  I9XX 

273 

273 

273 

273 

273 

273 

278 

278 

278 

278 

27X 

278 

276 

276 

24X 

233 

recording  the  resultant  equivalent  brightness  temperature.  Figure  2  illustrates  the  process 
used  to  obtain  the  reference  load  voltage  used  with  the  N  WC  graph  to  obtain  the  equivalent 
brightness  temperatures  for  this  study.  When  analog  data  are  digitized,  the  gain  and  offset 
applied  to  the  analog  signal  are  adjusted  such  that  the  reference  load  voltage  corresponds  to 
a  digital  value  of  0.  By  deriving  the  brightness  temperature  that  is  equivalent  to  the  reference 
load  and  a  digital  value  of  0,  a  warm  tie-point  is  established.  The  cool  tie-point,  1 35  K,  is  set 
at  adigita!  value  of 2000,  and  the  data  scaled  linearly  between  these  tie-points.  The  equivalent 
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brightness  temperature  of  the  reference  load  has  remained  reasonably  stable  since  1984  and 
is  always  higher  than  the  adjusted  ambient  temperature  (Table  1). 

Figure  A1  provides  both  a  comparison  of  the  engineering  conversion  used  for  the  1983 
data  and  the  corresponding  conversion  graph  computed  using  a  local  adjusted  ambient  tem¬ 
perature  and  open  water.  In  this  instance,  they  compare  favorably.  Examples  of  brightness 
temperature  conversions  obtained  using  both  methods  are  shown  as  Figures  A1-A17.  The 
average  slope  of  the  conversion  equation  for  the  ambient  temperature/open  water  method  is 
0.0584  with  a  standard  deviation  of 0.00549.  The  average  slope  for  the  sensor  temperature/ 
open  water  method  is  0.0728  with  a  standard  deviation  of  0.0027.  The  difference  is  several 
standard  deviations  (see  Fig.  A 1 8).  The  ambient  temperature  method  is  greatly  dependent  on 
the  accuracy,  locality,  and  the  timeliness  of  the  measurement.  The  sensor  (reference  load 
equivalent)  temperature  has  been  very  steady  and  is  therefore  recommended  for  use  with 
existing  data. 


DIGITIZING 

When  the  analog  data  are  digitized,  the  Odigital  value  is  normally  set  equal  to  the  reference 
load  voltage.  However,  by  observation,  the  lowest  digital  value  corresponding  to  actual  sea 
ice  is  usually  higher  than  0.  Thus,  the  actual  digital  value  for  the  highest  brightness  tem¬ 
perature  should  be  determined  for  each  set  of  data  being  converted  and  this  value  used  for  the 
warm  tie-point. 

CONCLUSIONS 

Both  methods  evaluated  produce  brightness  temperatures  that  appear  to  be  reasonable  for 
the  types  of  surfaces  being  imaged.  The  sensor  temperature  method  produces  values  that  are 
approximately  20  K  higher  at  the  maxima;  however,  they  compare  reasonably  well  with  ob¬ 
servations  from  other  radiometers.  The  cool  tie-point  ( 1 35  K)  for  open  water  is  questionable 
and  is  a  source  of  error  in  both  methods.  The  actual^untal  value  for  the  warm  tie-point  is 
another  questionable  point  and  will  vary  between  dat^*s. 

The  ambient  temperature  method  is  predicated  on  the  availability  of  timely  and  accurate 
surface  measurements  of  physical  temperature  and  the  validity  of  the  assumption  that  the 
highest  brightness  temperature  in  a  scene  is  less  than  the  measured  ambient.  This  method  is 
based  on  surface  datum  and  does  not  require  that  corrections  be  made  for  atmospheric  con¬ 
tributions. 

The  sensor  temperature  method  appears  to  be  the  more  repeatable  method.  It  produces 
brightness  temperatures  that  appear  to  be  reasonable  when  compared  with  the  March  1983 
data  and  other  sources  (such  as  surface-based  measurements  and  airborne  Advanced  Multi¬ 
channel  Microwave  Radiometer  data).  This  method  is  affected  by  the  atmospheric  con¬ 
tributions,  as  the  warm  tie-point  is  internal  to  the  sensor.  The  cool  tie-point  (water)  is  a  surface 
measurement.  Atmospheric  models  exist  that  may  provide  some  value  of  correction  for  the 
brightness  temperatures  derived  using  the  sensor  temperature  and  open  water  method.  The 
derived  values  presented  in  this  report  are  few  in  number  and  are  therefore  insufficient  to  form 
a  final  conclusion  as  to  the  accuracy  of  this  method  and  recommended  for  relative  com¬ 
parisons  only. 


This  investigation  has  not  resulted  in  any  method  that  consistently  and  reliably  produces 
calibrated  brightness  temperatures  and  only  serves  to  emphasize  the  need  for  the  addition  of 
real-time  calibration  sources  to  the  KRMS  sensor. 
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APPENDIX  A:  BRIGHTNESS  TEMPERATURE  CONVERSION  CHARTS 


Figure  Al.  Brightness  temperature  conversion  chart  for  March  1983. 


Figure  A2.  Brightness  temperature  conversion  chart  for 
3  July  1984. 
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Figure  A3.  Brightness  temperature 
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Figure  A4.  Brightness  temperature  conversion  chart  for 
23  and  26  March  1987. 


ersion  chart  for  21  March  19S7. 


Figure  A5.  Brightness  temivrature  conversion  chart  for 
24  March  1987. 


Figure  A6.  Brightness  temperature  comvrsion  chart  for  Figure  A7.  Brightness  temfk'ratuiv  conwrsion  chart  for 
27  and  29  March  1987.  6  March  1988. 
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KELVIN  KELVIN 


Figure  A8.  Brightness  temperature  conversion  chart  for 
8  March  1988,  Cape  Lisburne,  Alaska. 
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Figure  A9.  Brightness  temperature  conversion  chart  for  8  March  1988,  Kotzebue,  Alaska. 


Figure  A10.  Brightness  temperature  conversion  chart  for  8  March  1988,  Fairbanks,  Alaska. 
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Figure  All.  Brightness  temperature  conversion  chart  for  11  March  1988,  Fairbanks,  Alaska. 


Figure  A12.  Brightness  temperature  conversion  chart  for  1 1  March  1988,  Beaufort  Sea. 


Figure  A13.  Brightness  temperature  conversion  chart  for  13  March  1988,  Norton  Sound. 
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Figure  A14.  Brightness  temperature  conversion  chart  for  13  March  1988,  St.  Matthews  Island. 
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Figure  A15. Brightness  temperature  conversion  chart  for  Figure  A16. Brightness  temperature  conversion  chart  for 

13  March  1988,  Bering  Sea.  14  March  1988,  Chukchi  Sea. 
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Figure  A1 7.  Brightness  temperature  conversion  chart  for  14  March  1 988,  Barrow,  Alaska. 
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Figure  A18.  Conversion  constant  comparison. 
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